Aust. J. Phys., 1992, 45, 643-9 Attractive short-range nonlocality incorporated only into the D state of the deuteron decreases the D-state probability Po. The variation of PD versus nonlocality strength is a characteristic curve.
Introduction
have shown recently that the inclusion of attractive short-range nonlocality in the nucleon-nucleon potential helps to give smaller values of the deuteron radius rD. This removes the inconsistency between the rD-at linear relation found for potential models by Klarsfeld et al. (1986) and the point (rD' at) representing the experimental values of the deuteron radius rD = 1· 953 ± O· 003 fm (Klarsfeld et al. 1986 ) and the triplet scattering length at = 5·419 ± 0·007 fm (Klarsfeld et al. 1984) . Also, the radial deuteron wavefunctions of this class of potential (Kermode et al. 1991 (Kermode et al. a, 1991 do not have simple shapes at smaller radii, in contrast to those of the standard potential models, e.g. Fig. 2 in Kermode et al. (1991a) and Figs 2 and 3 in Kermode et al. (1991b) . These short-range structures in the radial deuteron wavefunctions were associated with the non-pointlike structure of the nucleon (Kermode et al. 1991b; Mustafa and Kermode 1991) .
Attractive short-range nonlocality was incorporated into the S channel in the deuteron potential of Kermode et al. (1991a Kermode et al. ( , 1991b and in 'both' the Sand D channels in the deuteron potential of Mustafa et al. (1992) . In the latter case, no pronounced effect was found in deuteron properties as a result of introducing attractive nonlocality into the D state (in addition to the S state) because of the relatively small role of the D state in comparison with that of the S state. Hence, it is necessary to 'switch off' the S-state nonlocality in order to see the relatively small effect of the D-state attractive nonlocality on deuteron properties. In this paper, attractive short-range nonlocality is included only in the D-state radial equation to isolate the effect of D-state nonlocality. For this purpose, seven potential models having different strengths for the D-state nonlocality are considered.
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Potential Model
The potential is assumed to be the sum of a nonlocal separable part, which operates only in the D state and has the form Awg(r)g(r'), plus a local part consisting of central (C), spin-orbit (L8) and tensor (T) components of the Reid (1968) hard-core potential,
and where VgPEP and Vj?PEP are the central and tensor parts of the one-pion exchange potential (OPEP), Be = BT = -14·94714 MeVfm, /L = 0·7 fm-1 and N = n = 6. The radial coupled Schrodinger equations in this case are
where
and where rc = 0·54833fm is the hard-core radius, g(r) = exp(-o:r) with 0: = 2·1 fm-I, and k 2 is the energy in units of fm-2. The coefficient of the nonlocality strength Aw is fixed at a certain value and the free parameters A~m), A~~) and A~m) are varied by the computer search to give the experimental value of the deuteron binding energy of -2·2246 Me V and the scattering parameters (x 2 jdatum '" 0·005) of the Reid (1968) hard-core potential (at lab energies of 1, 5, 10, 50, 100, 180 and 300 MeV). Values of the nonlocality strength parameter Aw together with the coefficients A~m), A~7 and A~m) are listed in Table l .
The radial dependencies of the potentials are compared with those of the Reid hard-core potential in Fig. 1. 
Deuteron D-state Probability
The variation of the deuteron D-state probability for these potentials with nonlocality strength parameter Aw is shown in Fig. 2 .
In equation (4) u and ware the radial deuteron wavefunctions of the S and D states respectively. The probability PD decreases as the magnitude of the nonlocality strength parameter 1 Aw 1 is increased. It is interesting that the points (PD, Aw) representing the potentials lie on a characteristic curve.
Interesting features are also found in the shapes of the radial deuteron wavefunctions u and w. A gradual increase of the short-range nonlocal attraction from one potential to the other one implied by a gradual increase in the value of 1 Aw 1 can also be seen from the ordering of the graphs representing the u wavefunctions outside and close to the hard-core radius in Figs 3a and 3b Table 1 and the Reid (1968) hard-core potential near the hard-core radius.
and calculating the binding energy of the local part alone. The local part is relatively repulsive, e.g. the local part of the potential with the smallest I Aw I has a small binding energy of -1 . 087 MeV and the local parts with larger I Aw I are repulsive enough to exclude bound states. The short-range structure found in the u wavefunctions of the potentials of Kermode et al. (1991a Kermode et al. ( , 1991b and in both the u and w waves of the potential Table 1 and of the Reid (1968) hard-core potential. Each graph is labelled with its value of Aw (fm-3 ).
of Mustafa et al. (1992) has also been found in the w wavefunctions of the present work, as shown in Fig. 4 . It is clear from Fig. 4 that the attractive short-range nonlocality which acts only in the D state increases the complexity of these short-range structures. Also, within the radial range r = 0·88 to 2·5 fm, the graphs in Fig. 4 representing the wavefunctions w of the D state are ordered monotonically by the nonlocality strength parameter Aw. The Reid hard-core potential with no nonlocality (Aw = 0) is at the top and the potential with Aw = -2000 fm -3, having the largest nonlocal attraction, is at the bottom.
Conclusions
We have found that the D-state probability of the deuteron is sensitive in particular to the decrease caused by nonlocality in the w wavefunction at short radii where short-range structure occurs. The probability decreases smoothly with increasing strength of the attractive short-range nonlocality which acts only in the D state.
The potential of Kermode et al. (1991a) which incorporates attractive shortrange nonlocality only in the S state has a relatively large value for the D-state probability of PD = 7·64%. The inclusion of this nonlocality in the D state, in addition to the S state, in the potential of Mustafa et al. (1992) may be partially the reason for its giving the smaller value of PD = 6·29%, a result that one would expect from the findings of the present work.
